Introduction
RA is a chronic disease affecting patients and the society in many ways. Work disability is one of the most important outcomes of the disease and leads to substantial economic consequences for individuals, their families and society as a whole [1] [2] [3] . Work disability rates are already high early in the disease course and continue to increase with disease duration, and most studies report that loss of productivity constitutes the largest part of total costs in RA patients [3] [4] [5] [6] . A number of studies have shown that as many as 20-40% of the patients had become permanently work disabled after a disease duration of 2-3 years [6] [7] [8] [9] . After 5 years of disease, permanent work disability varied from 29 to 50% [10] [11] [12] [13] , and in an early cohort of RA patients followed over 20 years, work disability had increased to 80% [4] .
The treatment strategies in RA patients have changed substantially over the past two decades. Until the late 1980s, a pyramid step-up approach was used. Patients were treated with NSAIDs and analgesics, and if they continued to have a progressive disease, singletherapy DMARD was instituted. In the early 1990s, treatment became more aggressive and the pyramid method was replaced by a step-down approach with more intensive use of DMARD monotherapy and with combinations of DMARDs early in the disease course, aiming at preventing joint damage and disease progression [14] . Around the year 2000, biologic drugs such as TNF inhibitors were introduced into the market. This has further improved the management of the disease, but has also substantially increased total costs, which are now predominantly driven by drug costs [15] [16] [17] . A challenging question is whether the increasing costs have been offset to some extent by a decrease in permanent work disability. The aim of the present study was to explore the yearly incidence of disability pension (DP) over 20 years in Sweden as an estimation of permanent work disability in RA patients before and after the introduction of biologic drugs, comparing rates of DP due to RA with rates of DP due to all diagnoses in the general population between 1990 and 2010.
Patients and methods
Sweden has a national tax-funded health insurance system, allowing all residents between 16 and 64 years sick leave benefits when they are unable to perform work because of illness or injury. If inability to work persists >1 year and is considered to be permanent and the employer is unable to find an adapted job, the patient can apply for a permanent DP. The pension can be granted as a full or partial benefit, depending on the degree of disability. Decisions with work DPs with International Classification of Diseases (ICD) codes are gathered in the National Social Insurance Register and information on DP was derived from this national register [18, 19; personal communication with Försäkringskassan (2007-9)]. Pensions due to RA were identified through ICD-10 codes M05 for RF-positive RA and M06 for RF-negative RA. Prior to 1997, the codes were ICD-9 and RA was registered as code 714. In Sweden, all persons are included in the social security system, and housewives, students and unemployed are entitled to disability benefits. All patients have equal access to medication, and after a charge of 1800 SEK (€190), all prescription medications, including biologic drugs, are free of charge during the rest of the year. In the present study, DP is defined as any level of work DP related to the disease. Official retirement age in Sweden is 65 years, but a number of individuals have received other types of pensions, retired early for other reasons, died or worked beyond the age of 65 years. In 2009, the average retirement age was 64 years [20] (average exit age from the labour force by gender). A correct calculation of loss of productivity demands a life table calculation for each year with the expected remaining time in the workforce for different age groups. A simplified calculation was used, assuming that age of retirement was 64 years the entire period. As the mean age for DP in RA patients was 53 years, 11 years of production were lost. The incidence approach makes discounting appropriate, and for each age group the remaining time until 64 years of age was discounted by 3%, thus reducing from 11 to 8.7 years. DP can be part time, and on average, RA patients reduced their working capacity by ∼65%, giving the equivalent of 5.7 years of full-time work. The value of a lost full-time year was calculated using an average annual cost of a full-time worker in 2009 and was ∼SEK 500 000 (€52 404), including taxes and other fees [21] . The same cost was used for the entire period. The average exchange rate in 2010 was €1 = 9.5413 SEK.
Statistics
Annual incidence rates of DP were calculated for each year. Calculations were performed for the total group and for men and women separately and also for different age groups. Data on age distribution and birth rates in the population were obtained from the governmental database Statistics Sweden [22] . Data are presented with frequencies and descriptive statistics. Linear regression models were performed analysing trends over time and associations between DP due to RA and DP due to all diagnoses. A P < 0.05 was considered statistically significant. All analyses were performed using PASW version 18.0. (SPSS, Chicago, IL, USA). 
DPs in patients with RA vs patients with all diagnoses
The levels of new DPs due to RA and the levels of new DPs due to all diagnoses in the general population followed each other quite closely from 1990 to 2010 ( Fig. 2) . Between 1990 and 1993, there was a general increase in new cases of DP in patients with RA as well as in patients with other diagnoses. During this period, the gross national product (GNP) in Sweden decreased and there was a strong negative correlation between GNP and DP. During these years Sweden had a generous policy for allowing DP. In 1993-98, the GNP increased, and this led to a decrease in DPs. Access to DPs also became more restricted during these years. Between 1998 and 2004, GNP decreased again and was followed by an increase in DPs. During this period, the regulations were eased and a substantial number of older patients and patients on long-term sick leave were granted DP. The total incidence of DP reached its maximum in 2004, and thereafter decreased substantially. The number of new DPs due to RA showed a more apparent decrease, despite several small peaks, and the negative trend over time is significant (unstandardized β-coefficient = −33, R 2 = 0.59, P < 0.001).
The number of patients obtaining DP due to RA was 957 in 1990 and increased by 41% to 1348 in 2003. DPs in patients with all diagnoses also increased, but only by 24%. A substantial decrease in DPs was seen over the following 5 years, with a larger decrease for RA patients compared with DPs in patients with all diagnoses. The total decrease in DPs between 1990 and 1998 was 42% for RA patients compared with 32% for patients with all diagnoses. Between 1998 and 2004, DPs for RA patients increased by 65%, while the increase due to all diagnoses was 112%. A relatively large proportion of this increase in the general population was, however, attributable to patients with psychiatric diagnoses. There was a general increase in DPs due to psychiatric diagnoses in Sweden during this period. In the early 1990s, psychiatric diagnoses made up ∼15% of all DPs but increased to ∼33% of total DPs in 2004. The total decrease in DP between 1998 and 2009 was, however, larger for RA patients than for patients with all diagnoses, 58 vs 35% (Table 1) . The number of new DPs caused by RA is dependent on several factors, such as the effects of treatment and incidence of the disease, but also on secular trends in society due to changing political policies over time. Since policies are likely to affect patients with RA as well as patients with other diagnoses, the proportion of DPs due to RA out of total number of DPs due to all diagnoses was calculated for each year. In 1990, the proportion of DPs caused by RA was 1.9% of the total DPs. The percentage for men was 1.2% and for women 2.5%. In 1992, there was an increase in RA-related pensions compared with all diagnoses, followed by a similar decrease in 1996. After 1997, however, the proportion of DPs caused by RA out of the total DPs decreased from 2% in 1997 to 1% in 2009 ( Fig. 3) . The linear associations between new DPs due to RA and new DPs due to all diagnoses are significant. The regression model including the total period gives an adjusted R 2 = 0.38 (P = 0.004). When 1990-99 and 2000-09 were analysed separately, the regression models showed even stronger associations, with extremely high R 2 -values (P < 0.0001) ( Fig. 4) . 
Age
The true annual incidence of RA is not known, but RA is age dependent and peak rates for newly diagnosed patients with RA are in the age group between 55 and 59 years. This is also a common age of early retirement due to RA. In 1990, 54% of patients receiving DPs were between 55 and 65 years old, and this proportion increased to 61% in 2009. Birth rates were high in Sweden during 1943-49, and the number of persons between 55 and 65 years of age increased by 12%, from 840 000 in 1990 to 940 000 in 1998, and by another 28%, to 1 200 000, in 2009, indicating a possible increase in new RA patients during this period. The incidence of DP in four different age groups (approximately of the same size) is shown in Fig. 5 . The development is rather similar in all groups. After 1993, the number of DPs decreased in all age groups, even in ages >55 years, where the number of DPs might be expected to increase due to the increasing population in this age group (Fig. 5 ). The decrease in DPs due to RA in different age groups becomes even clearer when examining DPs/100 000 inhabitants in different age groups. Between 1990 and 2009 this number decreased by 80% in all age groups except the youngest, where the decrease was 70% (Fig. 6 ). 
Loss of productivity and biologic drugs
The average age at the time point of DP due to RA was relatively stable, ∼53 years of age throughout the entire period, resulting in an average of 5.7 discounted years of lost productivity. Accordingly, the value of lost production due to DP for an average RA patient was SEK 2.8 million (€298 000). If the entire gain in terms of reduced DP due to RA from year 2000 is assumed to be related to treatment with biologic drugs, the reduced costs corresponding to the decrease in DP, SEK 1465 million (€154 million), would offset a considerable part of the costs for biologic drugs, SEK 2115 million (€222 million). This is, however, rather unlikely, since DPs for all diagnoses decreased by 55% between 2000 and 2009, suggesting that a similar decrease would also have been the case in RA patients, regardless of biologic drugs. The decrease in DPs in RA patients was, however, 69%. Assuming the additional 14% is due to biologic treatment, this could be valued by calculating 14% of patients in year 2000, corresponding to 106 patients, and that is equivalent to a reduced cost of SEK 300 million (€31 million).
Discussion
The incidence of DPs in Sweden due to RA has decreased substantially over recent years. The decreasing incidence of permanent work disability coincides with a trend towards earlier and more aggressive treatment with DMARDs and with the introduction of biologic drugs. A similar declining incidence of permanent work disability was, however, simultaneously seen in patients with all diagnoses in the general population.
Previous studies have reported that work disability rates have been significantly higher among RA patients compared with work disability rates in the general population, and also that women have been more likely than men to become work disabled [8, 11, 24] . A Dutch study reported that 37% of RA patients <65 years of age were work disabled, compared with 9% in the general Dutch population [11] . Barrett et al. [8] reported that RA patients were 32 times more likely to stop working compared with their healthy controls. In the USA, labour force participation was 20% lower in men with arthritis and 25% lower in women with arthritis compared with men and women without arthritis [25] . In a recent report from a Swedish RA cohort, 46% of the RA patients were on DP in 2007, compared with 19% of the general population. Women were more likely to become work disabled, as were older patients and those with low educational level [26] .
The decrease in DP in RA patients may reflect the new treatment strategies with biologic agents, but, in fact, a substantial decrease in DP was seen prior to introduction of biologics, suggesting apparent effects of the early and more aggressive use of conventional DMARDs and escalation of treatment with DMARDs in various combinations. The biologic agents have proved clinically effective, but data on the effect on working capacity after anti-TNF treatment are conflicting [27] [28] [29] [30] [31] [32] . Some studies have reported increased employability in patients treated with biologic agents, but similar improvements have been reported in patients who were treated with conventional DMARDs [27, 31, 33, 34] . Wolfe et al. [29] did not find that anti-TNF treatment was associated with any reduction in work disability, and in a recent Swedish report, sick leave decreased in RA patients after starting anti-TNF therapy, but the rate of DPs continued to increase [32] . In the Quantitative Patient Questionnaires in Standard Monitoring of Patients with Rheumatoid Arthritis (QUEST-RA) study, there was no significant effect on working capacity in patients taking biologic agents [35] . This might reflect that in patients with long-standing disease, joint damage is associated with irreversible disability and improvements are limited [36] . Many patients have also become work disabled early after diagnosis, and once DPs have been granted there is limited success in returning to work, despite good response to biologic therapy [35, 37, 38] .
The decreasing incidence of DP may, however, also be due to secular trends in society due to new political policies as well as demographic changes in age structure in the general population over recent decades. The policy regarding DPs in Sweden has changed during the recent decade and the possibility of obtaining early retirement has become more limited, and this has led to an increase in workforce participation. The levels of remuneration have fluctuated over the years depending on changes in the social security system, and this has also influenced employment rates. With increasing unemployment rates, patients may also be more anxious to keep their jobs. However, the possible effects of the prevailing political and economic conditions over the years might not affect RA patients in the same way as patients with all diagnoses.
Demographic changes in age structure, educational level, labour market and working conditions also affect levels of DP. Female sex, old age and demanding physical work have been associated with a loss of working capacity in RA patients [2, 9, 10, 12, 26, 39] . A substantial number of manual physically demanding jobs have disappeared in recent years, and this may have increased the possibility for RA patients to maintain working capacity in more sedentary work. The level of education is strongly associated with employability, and the educational level has increased over the years. This may also enable RA patients to maintain employability in more suitable jobs [2, 7, 13] . A recent report from Germany showed that there was a tendency towards higher workforce participation in RA patients, but, as in the present study, this was also seen in the general population [40] .
If changes in the number of DPs are caused by the effects of prevailing political economic conditions, the level of RA-related pensions would be expected to constitute a stable proportion of total pensions due to all diagnoses. The proportional decrease of new DPs over the past 20 years was, however, larger for RA patients than for patients with all diagnoses. The proportion of new DPs due to RA out of the total DPs due to all diagnoses decreased from 2% in 1997 to 1% in 2009. Recent data from Sweden also indicate that the incidence of primary total hip arthroplasties in patients with RA decreased substantially after 2001 [41] . Similar decreasing trends are observed in RA-related surgical interventions of upper limbs [42] . Some of these improvements may, however, be late effects of the more aggressive DMARD treatment prior to the biologic era.
The various structures of health-care systems in different countries make comparisons between studies difficult. Work disability rates have generally been higher in European countries compared with those in the USA, possibly due to different social security systems with more limited access to welfare facilities in the USA. Generous compensations may also be a possible incentive to withdraw from the labour market. In recent years, however, access to social security benefits in many European countries has become more restricted, so this difference between countries will probably diminish. The use of biologics also differs between countries. Different national guidelines for treatment of patients may limit access to treatment in some countries [43] . There are no formal restrictions for prescription of biologic drugs in Sweden and drug costs are almost entirely subsidized by society. Swedish guidelines recommend that biologics should be available for patients with high disease activity who have failed to respond to at least one prior DMARD treatment, usually MTX, and the use of biologic drugs in Sweden is among the highest in Europe [44] .
To conclude, the incidence of DP in RA patients has declined in recent years, and this may reflect new treatment strategies with biologics. However, a similar decrease in DPs has been simultaneously seen in the general population. During recent decades, the labour market has changed and RA patients may maintain employability in more sedentary work instead of manual jobs. Educational level is also associated with employability, and the level of education has increased over the years, especially in younger ages, and this may also affect DPs. Prevailing political and economic conditions have a large impact on the labour market and permanent work disability, but may possibly affect patients with various diagnoses in different ways. The strong association between DPs due to RA and DPs due to all diagnoses suggests that all DPs are strongly determined by similar external factors such as changing policies and unemployment rates, and the possible treatment effects may be obscured by this. The present data indicate a need for further investigations, taking important external confounding factors into account.
Key messages:
• Incidence of DP due to RA has decreased since the introduction of biologic drugs.
• DP due to RA is largely determined by societal factors.
• External factors must be considered when evaluat¬ing the effects of biologic drugs on work disability.
